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6HOHFWLRQRI7UDQVSRUWDWLRQ&RPSDQLHVDQG7KHLU0RGH
RI7UDQVSRUWDWLRQIRU,QWHUYDO9DOXHG'DWD
'DOELQGHU.RXUDQG.DMOD%DVX


'HSDUWPHQWRI0DWKHPDWLFV0LFKDHO0DGKXVXGDQ0HPRULDO&ROOHJH.DEL*XUX6DUDQL&LW\&HQWUH'XUJDSXU:HVW%HQJDO,QGLD(PDLO
GDOELQGHU#JPDLOFRP

1DWLRQDO,QVWLWXWHRI7HFKQRORJ\0DKDWPD*DQGKL$YHQXH'XUJDSXU:HVW%HQJDO,QGLD(PDLONDMODEDVX#JPDLOFRP

$EVWUDFW 7KH SDSHU SUHVHQWV VHOHFWLRQ RI WUDQVSRUWDWLRQ
FRPSDQLHV DQG WKHLU PRGH RI WUDQVSRUWDWLRQ IRU LQWHUYDO YDOXHG
QHXWURVRSKLF GDWD 7KH SDSHU IRFXVHV RQ WKH DSSOLFDWLRQ RI
GLVWDQFH PHDVXUHV WR VHOHFW PRGH RI WUDQVSRUWDWLRQ IRU
WUDQVSRUWDWLRQFRPSDQLHV7KHSDSHUDOVRSUHVHQWVWKHDSSOLFDWLRQ
RI PXOWLFULWHULD GHFLVLRQ PDNLQJ PHWKRG XVLQJ ZHLJKWHG
FRUUHODWLRQ FRHIILFLHQW DQG H[WHQGHG 7236,6 IRU WUDQVSRUWDWLRQ
FRPSDQLHV 7KH PXOWLFULWHULD GHFLVLRQ PDNLQJ SUREOHP
0&'0  LV WDNHQ LQ ZKLFK WKHUH DUH GLIIHUHQW FULWHULD DQG
GLIIHUHQW PRGHV 7KH VHOHFWLRQ LV GRQH DPRQJ GLIIHUHQW PRGHV

DQGWKHQLWLVGRQHDPRQJIRXUWUDQVSRUWDWLRQFRPSDQLHVLQZKLFK
GDWD LV WDNHQ DV ,QWHUYDO 9DOXHG 1HXWURVRSKLF 6HW ,916  7KH
ILUVW PHWKRG LV FRQFHUQHG ZLWK D PXOWLFULWHULD IX]]\ GHFLVLRQ
PDNLQJPHWKRGEDVHGRQZHLJKWHGFRUUHODWLRQFRHIILFLHQWVXQGHU
LQWHUYDO YDOXHG QHXWURVRSKLF IX]]\ HQYLURQPHQW 7KH VHFRQG
PHWKRG XWLOL]HV WKH H[WHQGHG 7236,6 PHWKRG WR VROYH WKH
SUREOHP ZLWK GDWD DV ,916 DQG JLYHQ DWWULEXWH ZHLJKWV 7KH
UDQNLQJLVGRQHDQGWKHPRVWDSSURSULDWHWUDQVSRUWDWLRQFRPSDQ\
ZLWK WKH PRVW DSSURSULDWH PRGH LV VHOHFWHG 7KH PHWKRGV DUH
LOOXVWUDWHGZLWKQXPHULFDOH[DPSOHV

.H\ZRUGVPXOWLFULWHULDGHFLVLRQPDNLQJSUREOHP,QWHUYDO9DOXHG1HXWURVRSKLF6HW ,916 ZHLJKWHGFRUUHODWLRQFRHIILFLHQWV
7236,6SRVLWLYHLGHDOVROXWLRQ 3,6 

,QWURGXFWLRQ
0XOWL FULWHULD GHFLVLRQ PDNLQJ 0&'0  SUREOHPV DUH
IRFXVVHG DW VHOHFWLQJ WKH EHVW DOWHUQDWLYH DPRQJ GLIIHUHQW
DYDLODEOH DOWHUQDWLYHV ZLWK GLIIHUHQW FULWHULD 7KHUH DUH
GLIIHUHQWFODVVLFDOPHWKRGVIRUGLIIHUHQW0&'0SUREOHPV
,Q UHDO OLIH GXH WR XQFHUWDLQWLHV DQG ODFN RI WLPH DQG
NQRZOHGJH GHFLVLRQ PDNHUV¶ SUHIHUHQFHV DUH SURYLGHG DV
IX]]\GDWD)X]]\VHWWKHRU\ZDVLQWURGXFHGE\=DGHK>@
,QWXLWLRQLVWLF IX]]\ VHW ,)6  ZDV LQWURGXFHG DV D
JHQHUDOL]DWLRQ RI IX]]\ VHW )6  ,)6 ZDV LQWURGXFHG E\
$WDQDVVRY >@ LQFOXGLQJ WZR PHPEHUVKLS IXQFWLRQV 
PHPEHUVKLS RUFDOOHGWUXWKPHPEHUVKLS  7 [ DQGQRQ
PHPEHUVKLS RU FDOOHG IDOVLW\PHPEHUVKLS  )  [  DQG
VDWLVI\LQJWKHFRQGLWLRQV7 [ ) [ @>DQG7 [ )
[ 
$WDQDVVRY  *DUJRY >@ LQWURGXFHG WKH FRQFHSW RI
LQWHUYDOYDOXHG LQWXLWLRQLVWLF IX]]\ VHWV ,9,)6V  DV D
IXUWKHU JHQHUDOL]DWLRQRI ,)6$WDQDVVRY >@DOVRGHILQHG
VRPHRSHUDWLRQDOODZVRI,9,)6V'HHWDO>@DSSOLHGWKH
PD[PLQPD[ FRPSRVLWLRQ WR PHGLFDO GLDJQRVLV YLD ,)6V
%\ IROORZLQJ WKHLU UHDVRQLQJ 6]PLGW  .DFSU]\N >@

DSSOLHG WKH GLVWDQFH PHDVXUHV WR ,)6V LQ WKH PHGLFDO
GLDJQRVLV
7KH FRQFHSW RI QHXWURVRSKLF VHW ZDV LQWURGXFHG DV D
JHQHUDOL]DWLRQ RI FULVS VHW IX]]\ VHW >@ ,)6 >@ E\
6PDUDQGDFKH >@>@ 7KH,QGHWHUPLQDF\IXQFWLRQ , ZDV
DGGHG WR WKH WZR DYDLODEOH SDUDPHWHUV 7UXWK 7  DQG
)DOVLW\ )  PHPEHUVKLSIXQFWLRQV,Q QHXWURVRSKLF VHWWKH
LQGHWHUPLQDF\ LV TXDQWLILHG H[SOLFLWO\ DQG WUXWK
PHPEHUVKLS LQGHWHUPLQDF\ PHPEHUVKLS DQG IDOVH
PHPEHUVKLS DUH FRPSOHWHO\ LQGHSHQGHQW ,Q LQWXLWLRQLVWLF
IX]]\ VHWV DQG WKH LQGHWHUPLQDF\ LV 7 [ ) [  LH
KHVLWDQF\ RU XQNQRZQ GHJUHH E\ GHIDXOW ,Q QHXWURVRSK\
WKH LQGHWHUPLQDF\ PHPEHUVKLS ,$ [ LV LQWURGXFHG DV D
QHZVXEFRPSRQHQWVRDVWRLQFOXGHWKHGHJUHHWRZKLFKWKH
GHFLVLRQ PDNHU LV QRW VXUH 7KLV W\SH RI WUHDWPHQW RI WKH
SUREOHP ZDV RXW RI VFRSH RI ,)6V 7KH VLQJOH YDOXHG
QHXWURVRSKLFVHW 6916  ZDVLQWURGXFHGIRUWKHILUVWWLPH
E\ :DQJ HW DO >@ LQ  :DQJ HW DO >@ LQWURGXFHG
WKHFRQFHSWRILQWHUYDOYDOXHGQHXWURVRSKLFVHW ,916 DQG
SURYLGHGWKHVHWWKHRUHWLFRSHUDWRUVDQGYDULRXVSURSHUWLHV
RI6916DQG,9166916DQG,916SUHVHQWXQFHUWDLQW\
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LPSUHFLVH LQFRQVLVWHQW DQG LQFRPSOHWH LQIRUPDWLRQ
H[LVWLQJLQUHDOZRUOG
%XVWLQFH %XULOOR>@SURSRVHGWKHFRQFHSWRIFRUUHODWLRQ
DQG FRUUHODWLRQ FRHIILFLHQW RI ,9,)6V DORQJ ZLWK WKHLU
SURSHUWLHV 7KH\ DOVR LQWURGXFHG WZR GHFRPSRVLWLRQ
WKHRUHPV ± RQH LQ WHUPV RI WKH FRUUHODWLRQ RI LQWHUYDO
YDOXHGIX]]\VHWVDQGHQWURS\RI,)6DQGWKHRWKHUWKHRUHP
LVLQWHUPVRIFRUUHODWLRQRI,)6V/XRHWDO>@SURSRVHG
D PXOWLFULWHULD IX]]\ GHFLVLRQPDNLQJ PHWKRG EDVHG RQ
ZHLJKWHG FRUUHODWLRQ FRHIILFLHQWV XQGHU LQWHUYDOYDOXHG
LQWXLWLRQLVWLF IX]]\ HQYLURQPHQW ZLWK NQRZQ FULWHULRQ
ZHLJKWLQIRUPDWLRQ:DQJHWDO>@SURSRVHGDQDSSURDFK
WR 0$'0 ZLWK LQFRPSOHWH DWWULEXWH ZHLJKW LQIRUPDWLRQ
ZKHUH LQGLYLGXDO DVVHVVPHQWV DUH SURYLGHG DV ,9,)6V
(OKDVVRXQ\DQG6PDUDQGDFKH>@XVHGVLPSOLILHG7236,6
IRUQHXWURVRSKLF0&'0SUREOHPV%DXV\VHWDO>@DQG
%DXV\V HW DO >@  XVHG &235$6 DQG  9,.25
UHVSHFWLYHO\WRVROYHQHXWURVRSKLF0&'0SUREOHPV<H
>@ SURSRVHG 0$'0 PHWKRG ZLWK FRPSOHWHO\ XQNQRZQ
ZHLJKW LQIRUPDWLRQ %DVHG RQ WKH FRUUHODWLRQ FRHIILFLHQW
VWXGLHG E\ *HUVWHQNRUQ  0DQNR >@ <H >@>@  RI
,9,)6V 3DUN HW DO >@>@   LQYHVWLJDWHG WKH JURXS
GHFLVLRQPDNLQJSUREOHPVLQZKLFKWKHLQIRUPDWLRQDERXW
DWWULEXWHZHLJKWVLVSDUWLDOO\NQRZQ<H>@GHYHORSHGWKH
0&'0 PHWKRG XVLQJ WKH FRUUHODWLRQ FRHIILFLHQW XQGHU
VLQJOHYDOXHGQHXWURVRSKLFHQYLURQPHQW<H>@DOVRGH
YHORSHGDQH[WHQGHG7236,6PHWKRGIRU0$'0EDVHGRQ
VLQJOH YDOXHG QHXWURVRSKLF OLQJXLVWLF QXPEHUV  (QWURS\
EDVHG JUH\ UHODWLRQDO DQDO\VLV PHWKRG ZDV XVHG IRU
0$'0 XQGHU VLQJOH YDOXHG QHXWURVRSKLF DVVHVVPHQWV E\
%LVZDV HW DO >@ $Q 0&'0 PHWKRG EDVHG RQ VLQJOH
YDOXHG WUDSH]RLGDO QHXWURVRSKLF SUHIHUHQFH UHODWLRQV ZLWK
FRPSOHWH ZHLJKW LQIRUPDWLRQ ZDV DSSOLHG E\ /LDQJ HW DO
>@ 1HXWURVRSKLF 0$'0 SUREOHPV ZLWK XQNQRZQ
ZHLJKWLQIRUPDWLRQZDVVROYHGE\%LVZDVHWDO>@0RQ
GDO DQG 3UDPDQLN >@ 3UDPDQLN HW DO >@ LQYHVWLJDWHG
QHXWURVRSKLFWDQJHQWVLPLODULW\PHDVXUH DQGK\EULGYHFWRU
VLPLODULW\ PHDVXUHV UHVSHFWLYHO\ DQG WKHLU DSSOLFDWLRQ WR
0$'06DKLQ>@DOVRREVHUYHG FURVVHQWURS\ PHDVXUH
RQ LQWHUYDO QHXWURVRSKLF VHWV DQG LWV DSSOLFDWLRQV LQ
0&'0;XHWDO>@H[WHQGHG72',0PHWKRGIRUVLQJOH
YDOXHG QHXWURVRSKLF 0$'0 =  =KDQJ DQG & :X >@
DOVR GHYHORSHG D QRYHO PHWKRG IRU VLQJOHYDOXHG
QHXWURVRSKLF0&'0ZLWKLQFRPSOHWHZHLJKWLQIRUPDWLRQ
7KHWHFKQLTXHIRURUGHURISUHIHUHQFHE\VLPLODULW\WRLGHDO
VROXWLRQ 7236,6 LVDZHOONQRZQPHWKRGIRUVROYLQJGH
FLVLRQ PDNLQJSUREOHPVSURSRVHGE\+ZDQJ <RRQ >@
/DLHWDO>@DSSOLHGWKHFRQFHSWRI7236,6RQPXOWLSOH
REMHFWLYHGHFLVLRQPDNLQJ 02'0 SUREOHPV$ER6LQKD
$PHU>@H[WHQGHG7236,6PHWKRGIRUVROYLQJPXOWL
REMHFWLYH ODUJHVFDOH QRQOLQHDU SURJUDPPLQJ SUREOHPV
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2SULFRYLF 7]HQJ>@FRQGXFWHGDFRPSDUDWLYHDQDO\VLV
RI 7236,6 DQG 9,.25 0DQ\ UHVHDUFKHUV &KL  /LX
>@-DKDQVKDORRHWDO>@>@.RXUHWDO>@:DQJ
/HH>@2SULFRYLF 7]HQJ>@H[WHQGHG7236,6DS
SURDFKWRIX]]\HQYLURQPHQWDVDQDWXUDOJHQHUDOL]DWLRQRI
7236,6 PRGHOV &KHQ  7VDR >@ H[WHQGHG WKH FRQFHSW
RI7236,6WRGHYHORSDPHWKRGIRUVROYLQJ0$'0SURE
OHPV ZLWK LQWHUYDOYDOXHG IX]]\ GDWD ;X >@ GHYHORSHG
VRPH JHRPHWULF DJJUHJDWLRQ RSHUDWRUV VXFK DV WKH LQWHU
YDOYDOXHG LQWXLWLRQLVWLF IX]]\ JHRPHWULF ,,)*  RSHUDWRU
DQGLQWHUYDOYDOXHGLQWXLWLRQLVWLFIX]]\ZHLJKWHGJHRPHWULF
,,):*  RSHUDWRU DQG DSSOLHG WKHP WR PXOWLSOH DWWULEXWH
JURXSGHFLVLRQPDNLQJ 0$*'0 ZLWKLQWHUYDOYDOXHGLQ
WXLWLRQLVWLFIX]]\LQIRUPDWLRQ;X &KHQ>@DQG:HL 
:DQJ>@ UHVSHFWLYHO\ GHYHORSHG VRPH JHRPHWULF DJJUH
JDWLRQ RSHUDWRUV VXFK DV WKH LQWHUYDOYDOXHG LQWXLWLRQLVWLF
IX]]\RUGHUHGZHLJKWHGJHRPHWULF ,,)2:* RSHUDWRUDQG
LQWHUYDOYDOXHG LQWXLWLRQLVWLF IX]]\ K\EULG JHRPHWULF
,,)+*  RSHUDWRU DQG DSSOLHG WKHP WR 0$*'0 ZLWK LQ
WHUYDOYDOXHG LQWXLWLRQLVWLF IX]]\ LQIRUPDWLRQ +RZHYHU
WKH\XVHGWKH,,):*,,):2*DQG,,)+*RSHUDWRUVLQWKH
VLWXDWLRQ ZKHUH WKH LQIRUPDWLRQ DERXW DWWULEXWH ZHLJKWV LV
FRPSOHWHO\ NQRZQ &KL  /LX >@ H[WHQGHG 7236,6 WR
,916 HQYLURQPHQW LQ ZKLFK WKH DWWULEXWH ZHLJKWV DUH XQ
NQRZQ DQG WKH DWWULEXWH YDOXHV  DUH SUHVHQWHG LQ WHUPV RI
,916
.XODN .DKUDPDQ>@VWXGLHGDWUDQVSRUWDWLRQFRPSDQ\
VHOHFWLRQ SUREOHP XVLQJ D[LRPDWLF GHVLJQ DQG DQDO\WLF
KLHUDUFK\ SURFHVV $+3  ZLWK SDUWLDOO\ NQRZQ ZHLJKW
LQIRUPDWLRQ LQ IX]]\ HQYLURQPHQW .RXU HW DO >@ DSSOLHG
WKH WZR PHWKRGV RQ PXOWLFULWHULD IX]]\ GHFLVLRQ PDNLQJ
SUREOHPV ZLWK ,9,)6  WKH ILUVW RQH XVLQJ FRUUHODWLRQ
FRHIILFLHQW ZLWK XQNQRZQ ZHLJKWV DQG WKH VHFRQG RQH
XVLQJ 7236,6 PHWKRG ZLWK NQRZQ ZHLJKWV IRU WKH
VHOHFWLRQRIWUDQVSRUWDWLRQFRPSDQLHV7236,6PHWKRGIRU
0$'0 XQGHU VLQJOHYDOXHG QHXWURVRSKLF HQYLURQPHQW
ZDVDSSOLHGE\%LVZDVHWDO>@
7KH SUHVHQW SDSHU LQWURGXFHV WKH UHODWLRQ EHWZHHQ WKH
GLIIHUHQW FULWHULD DQG GLIIHUHQW PRGHV RI WUDQVSRUWDWLRQ WR
VHOHFW PRGH XVLQJ GLVWDQFH PHDVXUHV IRU WUDQVSRUWDWLRQ
FRPSDQLHV IRU LQWHUYDO YDOXHG QHXWURVRSKLF GDWD 7KH
SUHVHQW SDSHU DOVR H[WHQGHG WKH DSSOLFDWLRQ RI PXOWL
FULWHULD IX]]\ GHFLVLRQ PDNLQJ PHWKRG ZLWK ,916V  WR
VHOHFWLRQRIWUDQVSRUWDWLRQFRPSDQLHVZLWKJLYHQZHLJKWV
$WUDQVSRUWDWLRQFRPSDQ\VHOHFWLRQSUREOHPLVWDNHQZLWK
IRXUGLIIHUHQWWUDQVSRUWDWLRQFRPSDQLHVDQGWKHGDWDIRUWKH
GLIIHUHQWFULWHULDDGPRGHVDUHWDNHQDV,916V
7KHDSSOLFDWLRQRIGLVWDQFH PHDVXUHVLVGRQHWRVHOHFWWKH
EHVW PRGH RI WUDQVSRUWDWLRQ IRU WUDQVSRUWDWLRQ FRPSDQLHV
IRU LQWHUYDO YDOXHG QHXWURVRSKLF GDWD DIWHU FDOFXODWLQJ WKH
PLQLPXP GLVWDQFH EHWZHHQ WKH WUDQVSRUWDWLRQ FRPSDQLHV
DQG WKH PRGHV 7KHQ WKH VHOHFWLRQ LV GRQH IRU WKH EHVW
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WUDQVSRUWDWLRQ FRPSDQ\ 7KH ILUVW PHWKRG LQYROYHV
GHWHUPLQLQJ FRUUHODWLRQ FRHIILFLHQW EHWZHHQ DQ DOWHUQDWLYH
DQG WKH LGHDO DOWHUQDWLYH  7KH UDQNLQJ LV WKHQ GRQH XVLQJ
WKLV FRHIILFLHQW DQG WKH EHVW DOWHUQDWLYH LV VHOHFWHG 7KH
VHFRQGPHWKRGIRFXVHVWKHH[WHQGHG7236,6PHWKRG7KH
ZHLJKWHG FROOHFWLYH LQWHUYDO YDOXHG QHXWURVRSKLF GHFLVLRQ
PDWUL[ LV FRQVWUXFWHG 7KHQ WKH LQWHUYDO YDOXHG
QHXWURVRSKLF 3,6 DQG 1,6 DUH GHWHUPLQHG XVLQJ D GHILQHG
VFRUHIXQFWLRQ7KHGLVWDQFHPHDVXUHVDUHXVHGWRFDOFXODWH
WKH UHODWLYH FORVHQHVV RI HDFK DOWHUQDWLYH WR WKH LQWHUYDO
YDOXHG QHXWURVRSKLF 3,6 7KH DOWHUQDWLYHV DUH UDQNHG DQG
WKHEHVWRQHLVVHOHFWHG
1RRWKHUDXWKRUVWLOOGDWHKDYHFRQVLGHUHGWKHFRQFHSW
RI FRUUHODWLRQ FRHIILFLHQW IRU ,916V )XUWKHU WR ILQG WKH
3,6 DQG 1,6 IRU 7236,6 D QHZ VFRUH IXQFWLRQ KDV EHHQ
LQWURGXFHG $QG ERWK WKH PHWKRGV KDYH EHHQ DSSOLHG WR
VROYH D QHZ W\SH RI WUDQVSRUWDWLRQ FRPSDQ\ VHOHFWLRQ
SUREOHPLQZKLFKPRGHVHOHFWLRQLVDOVRLQWURGXFHGZKLFK
KDVQRWEHHQGRQHE\DQ\RWKHUDXWKRUEHIRUH

LQI , % [  VXS , $ [  VXS , % [  LQI )$ [ 
LQI )% [ DQGVXS )$ [ VXS )% [ IRUHYHU\
[LQ; 6PDUDQGDFKH>@ 
6LQJOH9DOXHG1HXWURVRSKLF6HW 6916 
$ 6916 >@ $ LQ ; LV FKDUDFWHUL]HG E\ D WUXWK
PHPEHUVKLS IXQFWLRQ 7$ [  DQ LQGHWHUPLQDF\
PHPEHUVKLS IXQFWLRQ , $ [  DQG D IDOVLW\PHPEHUVKLS
IXQFWLRQ )$ [ IRU HDFK SRLQW [ LQ ; 7$ [  , $ [ 

)$ [ ࣅ>@
:KHQ;LVFRQWLQXRXVDQ6916$FDQEHZULWWHQDV

$

¢7 $ [  , $ [  )$ [ ²
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JHQHULFHOHPHQWLQ;GHQRWHGE\[$QHXWURVRSKLFVHW$LQ
/HW ; EH D XQLYHUVH RI GLVFRXUVH ZLWK D JHQHULF
;LVFKDUDFWHUL]HGE\DWUXWKPHPEHUVKLSIXQFWLRQ 7$ [ 
DQ LQGHWHUPLQDF\PHPEHUVKLS IXQFWLRQ , [  DQG D HOHPHQWLQ;GHQRWHGE\[$QLQWHUYDOQHXWURVRSKLFVHW$
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~
rij  [aij ,bij ],[cij , d ij ],[eij , f ij ]
~
be an INVS. Then the score of r has some properties as

The complement of
~
A  ([a1 , b1 ],[c1 , d1 ],[e1 , f 1 ])
is given by
~
A C  ([e1 , f1 ],[1  c1 ,1  d1 ],[a1 , b1 ])
1.

2.

3.

Properties2.7.2 Let

ij

~
~
A  B  ([a1  a 2  a1 a 2 , b1  b2  b1b2 ],
[c1c 2 , d 1 d 2 ], [e1e2 , f 1 f 2 ])
~
~
A  B  ([a1 a 2 , b1b2 ], [c1  c 2  c1c 2 ,

d1  d 2  d1 d 2 ], [e1  e2  e1e2 ,
f 1  f 2  f 1 f 2 ])
~
n
n
nA  ([1  (1  a1 ) n ,1  (1  b1 ) n ], [c1 , d 1 ]
,[e1 , f 1 ]), n  0
n

n

~n
n
n
n
n
5. A  ([a1 , b1 ],[1  (1  c1 ) ,1  (1  d1 ) ]
[1  (1  e1 ) n ,1  (1  f1 ) n ], ), n  0
2.7 Score of IVNS

R  (r~ij ) mn , where

Let

~
rij  [aij ,bij ],[cij , d ij ],[eij , f ij ] the

collective

interval - valued neutrosophic decision matrix be.

follows:
(i) s(r~ij )  0 if and only if

aij  bij  cij  d ij  eij  f ij  2

.

s(r~ij ) 1 if and only if

(ii)

aij  bij  cij  d ij  eij  f ij 1 .
(iii) s(r~ )  1 if and only
ij

if aij

 bij  cij  d ij  eij  f ij 1 .

2.8 Distance between two IVNS
Let X  ([ai1 , bi1 ],[ci1 , d i1 ],[ei1 f i1 ]) and
Y  ([a i 2 , bi 2 ], [ci 2 , d i 2 ], [ei 2 f i 2 ]) be two IVNSs. The
normalized Hamming distance between X and Y is defined
by Chi & Liu [33] as

1 n (| ai1  ai 2 |  | bi1  bi 2 |  | ci1  ci 2 | 
d H (X,Y)  
6n i 1 | di1  di 2 | [ei1  ei 2 |  | fi1  fi 2 |]
(2)

S  (s ij ) mn is defined as the score matrix of
R  (r~ij ) mn , where
3. Problem description and methodology
1
3.1Problem Description
sij  s(r~ij )  2  aij  cij  eij  bij  dij  fij ),i  1,2,...., n 
3
The present paper deals with the selection of transpor-

Then

~
And s(rij )

(1)
is called the score of

~r
ij

Example2.7.1Let
~
A  ([0.3,0.4], [0.1,0.2], [0.5,0.7])

~
B  ([0.4,0.5],[0.2,0.3],[0.5,0.6])

be two INVSs.

Then by Definition 2.7,

~ 1
s(Aij )  2  0.3  0.1  0.5  0.4  0.2  0.7)   0.4
3
1
~
s(Bij )  2  0.4  0.2  0.5  0.5  0.3  0.6
3
 0.433

~

~

Hence, s( Aij )  s(Bij )

tation company and their mode of transportation in interval
valued neutrosophic environment. At first the neutrosophic
relation Q from a set of different transportation
companies T to a set of different criteria C like transportation cost, defective rate, tardiness rate, flexibility, etc. is
considered. Then it follows the second relation R from the
set of different criteria C to a set of different mode M of
transportation like roadways, railways, waterways and airways. The composition of the two neutrosophic relation Q
and R is the relation S from the set of transportation companies to the set of different modes which gives the best
mode of transportation for each of the transportation companies. Finally, the best transportation company is to be
selected among the given different companies. The problem can be solved by different methods available in this
context taking into account the different criteria. The present paper focuses on two methods. The first one involves
weighted correlation coefficient method. The second one
involves extended TOPSIS method. The different weights
are given for different criteria.
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3.2 Methodology

A. Application of normalized hamming distance
for interval valued neutrosophic set
Let there be a neutrosophic relation X: Ai ->Bj
and Y: Bj ->Ck. Using the distance between two IVNSs in
Definition 2.8 the normalized Hamming distance for all the
elements of the Ai from the Ck is equal to

(|  jL (Ai )   jL (Ck ) |  |  jU (Ai )   jU (Ck ) | 
(3)

a set of alternatives

and let C  {C1 , C 2 , C 3 ,........, C n } be a set of criteria.
An alternative Ai is represented by the following IVNS:

Ai  {(C j ,[  Ai L (C j ),  AiU (C j )],[ Ai L (C j ), AiU (C j )]

[rAi L (C j ),rAiU (C j )]: C j C}
where 0   AiU (C j )   AiU (C j ) 1  Ai L (C j )  0

 A L (C j )  0 j = 1; 2;... ; n, and i= 1,2,...,m.
i

The

IVNS

that

consists

of

vals  A (C j )  [aij ,bij ]  Ai (C j )  [cij ,d ij ]

rAi (C j )  [eij , f ij ] for
by  ij

C j C is

 ([aij ,bij ],[cij , d ij ],[eij , f ij ])

for

A*

alternative

as

.
n

 w [a .a  b .b  c .c  d .d
j 1

n

 w [a
j 1

j

2
ij

j

ij

*
j

*
ij j

*
ij j

 bij  cij  d ij  eij  f ij ]
2

2

2

2

2

ij

n

j 1

j

*2
j

 b *2j .c *j2  d *2j  e*2j  f j*2 ]

(4)
Then the bigger the value of the weighted correlation
coefficient W i is, the better the alternative Ai is. Therefore
all the alternatives can be ranked according to the value of
the weighted correlation coefficients so that the best
alternative can be selected.
C. TOPSIS method to solve the multi-attribute decision
making problem with the given information about attribute
weights in interval valued neutrosophic environment
In the situations where the information about weights is
completely known, that is, the weights wi = (w1, w2, ...,
wm)T of the c j (j = 1,2,...,n) can be completely determined
in advance, then we can construct the weighted collective
interval-valued neutrosophic decision matrix

denoted

R *  (r~ij* ) mn where
~r *  w ~r {[1 (1 a ) wi ,1 (1  b ) wi ],[c wi , d wi ],[e wi , f wi ]}
ij
i ij
ij
ij
ij
ij
ij
ij

conven-

(5)
is the weighted IVNS, i = 1,2,...,m; j = 1,2,...,n, and w i is

wi  0 and  wi  1 .
m

weight of the attribute ui such that

Ye ([18],[19]) established a model for weighted correlation
coefficient between each alternative and the ideal
alternative for single valued neutrosophic sets (SVNSs)
using known weights of the criterion. Though the ideal
alternative does not exist in real world, it does provide a
useful theoretical construct against which to evaluate
alternatives. Ye ([18],[19]) defined the ideal alternative for

Now, we denote by

 (aij* ,bij* , cij* )  (1,0,0) .

 eij .e*j  f ij .f j* ]

 w [.a

matrix D  ( ij ) mn .

*

*
j

Inter-

ience.
We can express an interval-valued neutrosophic decision

SVNSs as 

the

 *  ([aij* ,bij* ],[cij* , d ij* ],[eij* , f ij* ])  ([1,1],[0,0],[0,0])

Wi (Ai , A ) 

B. Multi-criteria decision making method based on
weighted correlation coefficients in interval valued
neutrosophic environment

A  {A1 , A2 , A3 ,...., Am } be

ideal
IVNS

*

1 n
d H (Ai ,Ck )   |  jL (Ai )   jL (Ck ) |  |  jU (Ai )   jU (Ck ) | 
6 n j 1
| rLj (Ai )  rjL (Ck ) |  | rUj (Ai )  rjU (Ck ) |)

Let

If the information about weight wj of the criterion Cj (j=
1,2,...,n) is completely known, for determining the criterion
weight from the decision matrix D we can establish an
exact model for the weighted correlation coefficient
between an alternative Ai and the ideal alternative A*
represented by the IVNS as in Equation (4).We define the

i 1

~
rij*  ([aij* , bij* ],[cij* , d ij* ],[eij* , f ij* ] where i= 1; 2;... ;m;
j= 1; 2;... ; n
(6)
Let J 1 be a collection of benefit attributes (i.e., the larger
ui, the greater preference) and J 2 be a collection of cost
attributes (i.e., the smaller ui , the greater preference). The

A* , and the

interval-valued neutrosophic NIS, denoted by A , are deinterval-valued neutrosophic PIS, denoted by
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C(Ti )  ([ jL (Ti ),  jU (Ti )],[ jL (Ti ), jU (Ti )],[rLj (Ti ),rUj (Ti )])

fined as follows:

A*  {{c j , (max ~
rij* : j  J1 ), (min ~
rij* : j  J 2 )}:
i

i

(7)

j  1,2,...., n}  (r~1  , ~
r2 ,....., ~
rn )T

*
A  {{c j , (min ~
rij : i  J 1 ), (max ~
rij* : i  J 2 )}:
T

i

i

j  1,2,...., n}  (~
r1  , ~
r2 ,....., ~
rn ) T

(8)

T

M k  ([ jL (M k ),  jU (M k )],[ jL (M k ), jU (M k )],[rLj (M k ),rUj (M k )])

(7)
Using the distance between two IVNSs in Definition 2.8
the Normalized Hamming distance for all the criteria of the
i-th transportation company from the k-th modes is equal
(8)
to

~   ([a  ,b  ],[c  , d  ][e  , f  ] and
i
i
i
i
i
i

where ri

d H (C(Ti ),M k ) 

~
ri   ([ai ,bi ],[ci , d i ][ei , f i  ] ,i=1,2,..,m
Burillo & Bustince [13] method has been extended to find
the separation measures for interval valued intuitionistic
fuzzy numbers in Park et al. [17] and in Kour et al, [4]. The
extension of this in IVNS has been used here to find separation measures based on the Hamming distance.
*

*

*

1 n  aij  ai  bij  bi  cij  ci   (9)
S  
6 j 1  d ij*  d i  eij*  ei  f ij*  f i  


*

*

*


1 n  aij  ai  bij  bi  cij  ci
 (10)
Sid1   
6 j 1  d ij*  d i  eij*  ei  f ij*  f i  


d1
i

The relative closeness of an alternative Ai with respective
to interval-valued neutrosophic PIS A
following:

i

C 

S i

i

S S


i

*

is defined as the

where i =1, 2 ,….,m

(11)



ternative Ai will be, as the alternative Ai is closer to the
*

interval-valued neutrosophic PIS A ,. Therefore, the alternatives Ai (i = 1, 2 ,..., m) can be ranked according to the
closeness coefficients so that the best alternative can be selected.

A. Algorithm for the method based on normalized
hamming distance

Step 1: Calculate the weighted correlation coefficient

Wi (A* , Ai )

(i = 1,2,...,m) by using Eq. (4).

Step 2: Rank the alternatives according to the obtained correlation coefficients, and then obtain the best choice.
C. Algorithm for TOPSIS method with the given information about attribute weights

neutrosophic decision matrix

R *  (r~ij* ) mn

Step 2: Calculate the score matrix

S  (sij ) mxn

of the

collective interval-valued neutrosophic decision matrix R
using Equation(1 ) from Definition 2.7.
*

Step3. Determine the interval-valued neutrosophic PIS A ,


and interval-valued neutrosophic NIS A using Equations(7) , (8) and score matrix S obtained above in Step 2 .
Step 4.Calculate the separation measures

neutrosophic PIS

S i and S i

of

NIS

A* and interval-valued neutrosophic

A  , respectively using Equations (9) and (10).

Step 5: Calculate the relative closeness
a set of transportation

companies, C  {C1 , C 2 , C 3 ,........, C n } be a set of criteria and

B. Algorithm for the method based on weighted correlation coefficients using given weights

each alternative Ai (i = 1,2,...,m) from interval-valued

3.3 Solution Procedure:

{T1 ,T2 ,T3 ,...., Tm } be

(12)
The minimum distance determines the appropriate mode of
each transportation company.

Step1. Calculate the weighted collective interval-valued

The bigger the closeness coefficient C i , the better the al-

Let T

1 5 (|  jL (Ti )   jL (M k ) |  |  jU (Ti )   jU (M k ) |  |  jL (Ti )   jL (M k ) | 

30 j 1 |  jU (Ti )   jU (M k ) |  | rLj (Ti )  r jL (M k ) |  | rUj (Ti )  r jU (M k ) |)

M {M 1 , M 2 , M 3 ,...., M p } be

a set of

C i

of each alter-

native Ai (i = 1,2,...m) to the interval-valued neutrosophic
PIS

A* using Equation(11).

Table 1. Data of transportation companies and their criteria in
form of interval valued neutrosophic fuzzy numbers

modes of transportation where each of the C j of Ti and

M k is represented by IVNS.

Step 6. Rank the alternatives Ai (i = 1,2,...,m), according
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to the relative closeness to the interval-valued neutrosophic
*

PIS A and then select the most desirable one (s).
4. Numerical Illustration:
4.1 Example
An international company needs a freight transportation company to carry its goods. The company determined
four possible transportation companies. The criteria considered in the selection process are transportation costs, defective rate, tardiness rate, flexibility and documentation
ability. Transportation cost is the cost to carry one ton
along one kilometre. Tardiness rate is computed as ‘‘the
number of days delayed/the number of days expected for
delivery. In Kulak & Kahraman [29], Transportation costs,
defective rate and tardiness rate are taken to be crisp variables and the other criteria ‘‘flexibility’’ and ‘‘documentation ability’’ are taken as linguistic variables just to find
only the best transportation company. In Kour et al. [4], the
problem is taken in Interval valued Intuitionistic fuzzy environment in which each element of the decision matrix is
taken as interval valued intuitionistic fuzzy numbers and
the best appropriate transportation company is selected.
In the present paper, the problem is modified as the best
transportation company and also their mode of transportation is selected under interval valued neutrosophic
Alter- Criteria
native Transporta- Defective

Tardiness Flexibility

Documenta-

Trans tion

Rate

tion

Rate

porta- Cost

Let the set of transportation companies be T = {TC1, TC2,
TC3, TC4}. Let the set of different criteria of the transportation companies be denoted by C = {Transportation cost
(TC), Defective rate (DR), Tardiness rate (TR), Flexibility
(F), Documentation ability (DA)}. The data of degree of
satisfaction, indeterminacy and rejection of each criterion
by each transportation company is represented by an IVNS
in Table 1. The IVNS is denoted by a set of Intervals Ti  (C j ,[ T L , T U ],[T L ,T U ][ rT L , rT U ] :
i

Com-

nies
([0.3,0.4],[ ([0.6,0.8],[ ([0.4,0.5],

Comp 01,0.02],[0.2, [0.02,0.03] , 0.2,0.4]
.1

0.4])

[0.3,0.5])

0.01,0.02], [0.1,0.3]

,[0.1,0.2]) [0.2,0.3])

,

Comp .01,0.03],[0.2 0.8,0.9],

[0.01,0.04] ],[0.4,0.6],[ [0.01,0.02] ,

.2

,[0.2,0.3]) 0.2,0.3])

,0.3])

[0.3,0.5])

[0.2,0.4])

Trans. ([0.85,0.89],[ ([0.4,0.6],

([0.9,0.95], ([0.9,0.92], ([0.7,0.8],

Comp 0.02,0.05],[0. [0.1,0.3],

[0.01,0.02] [0.01,0.03] [0.02,0.04],

.3

[0.2,0.4])

,[0.3,0.4]) , [0.3,0.5]) [0.2,0.4])

([0.2,0.4],

([0.2,0.3],[ ([0.5,0.6],[ ([0.7,0.8],

3,0.5])

Trans. ([0.8,0.9],

Comp [0.01,0.02],[0 [0.6,0.7],

0.3,0.6],[0. 0.1,0.2],[0. [0.3,0.4],

.4

3,0.4])

.2,0.5])

environment.

[0.3,0.4])

2,0.3])

[0.02,0.1])

i

The IVNS is usually elicited from the evaluated score to
which the alternative TCi satisfies the criterion Cj by
means of a score law and data processing or from
appropriate membership functions in practice. Therefore,

Defective
Rate

Mode of transportation
Roadways
([0.7,0.85
],
[0.02,0.03
],
[0.1,0.15]
)
([0.3,0.4],
[0.1,0.2],
[0.5,0.6])

Railways

([0.3,0.5],
[0.02,0.04
]
,
[0.4,0.45]
)
([0.8,0.9],
[0.2,0.3],
[0.01,0.08
])
([0.6,0.7],
[0.01,0.02
],
[0.2,0.25]
)

([0.5,0.65],
[0.01,0.02]
,
[0.2,0.25])

[0.1,0.2])

Trans. ([0.8,0.85],[0 ([0.01,0.03],[ ([0.8,0.92], ([0.01,0.02 ([0.85,0.9],

i

fuzzy numbers

pa-

Trans. ([0.7,0.8],[0. ([0.8,0.85],

i

mode of transportation in form of interval valued neutrosophic

Transportation
Cost

tion

i

Table 2. Data of criteria of transportation companies and their

Alternative
Criteria

Ability

i

C j  C )  ([aij ,bij ],[cij , d ij ],[eij , f ij ])

Tardiness
Rate

Flexibility

Documentation
Ability

([0.8,0.9],
[0.02,0.03]
,
[0.01,0.04]
)
([0.6,0.7],
[0.03,0.04]
,
[0.2,0.25])

([0.6,0.7],
[0.1,0.2] ,
[0.2,0.25])
([0.65,0.8],
[0.03,0.05]
,
[0.15,0.2])

Waterways
([0.5,0.6],
[0.1,0.2] ,
[0.3,0.35])

Airways

([0.65,0.75
],
[0.02,0.05]
,
[0.1,0.2])
([0.4,0.5],
[0.01,0.05]
,
[0.2,0.3])

([0.8,0.9],
[0.01,0.02]
,
[0.01,0.1])

([0.5,0.6],
[0.01,0.02]
,
[0.15,0.2])
([0.7,0.8],
[0.2,0.4],
[0.1,0.15])

Dalbinder Kour, Kajla Basu, Selection of Transportation Companies and Their Mode of Transportation
for Interval Valued Data

([0.3,0.4],
[0.2,0.3] ,
[0.4,0.5])

([0.75,0.85
],
[0.02,0.03]
,
[0.1,0.15])
([0.4,0.5],
[0.02,0.04]
,
[0.2,0.3])
([0.75,0.85
],
[0.03,0.04]
,
[0.05,0.1])
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we can express an interval-valued neutrosophic decision

Table 3. Data of distances for each transportation company

matrix D =

from the considered set of their possible modes of transporta-

( ij ) mxn .

Similarly let the set of different transportation modes is
denoted by M = {Roadways, Railways, Waterways, Airways}. The data of degree of satisfaction, indeterminacy
and rejection of each criterion for each mode is represented
by an IVNS in Table 2.
C j  ( M k ,[  C j L ,  CjU ], [ C j L ,  C j U ][ rC j L , rC j U ] :
M k  M )  ([a jk , b jk ], [c jk , d jk ], [e jk , f jk ])

And it can be denoted by an interval-valued neutrosophic
decision matrix D’ =

( jk ) nxp .

The weights are taken as w1=0.38, w2=0.17, w3=0.21,
w4=0.24, w5=0.00
4.2 Solution
The given problem is a multi criteria decision making
problem in interval valued neutrosophic environment and
is solved in two sections. The first section follows up with
selecting the best mode of transportation for each transportation company using distance measures. The second section includes the selection of the most appropriate transportation company by the two above mentioned methods.
The results are obtained as follows:

A.

Solution with method based on Application of Normalized Hamming Distance for Interval valued neutrosophic set

The Equation (3) is used to find the distance for all the criteria of the i-th transportation company from the k-th
modes using the normalised Hamming distance as in Table
3. In the definition 2.8, the normalized hamming distance
between X and Y (defined by Chi & Liu [33]) is given in
Equation (2) which means the distance between any two
IVNS. This definition is utilized to calculate the minimum
distance between two IVNS in two different but related tables with IVNS as in Equation (3). Then the Equation (3)
is utilized to find the Normalized Hamming distance for all
the criterion of the i-th transportation company from the kth modes as in Equation (12) taking data from the related
tables Table 1 and Table 2. The minimum distance determines the appropriate mode of each transportation company. For Example - The minimum distance for all the criteria of the transportation company TC2 is 0.2337 from
the Railways mode. That means the appropriate mode for
transportation companyTC2 is Railways. Similarly, the appropriate mode for each transportation company is given in
Table 4.

tion
Alternative

Mode of transportation

Transportation

Roadways

Rail-

Companies

Waterways

Airways

ways

Trans.Comp.1

0.1737

0.1333

0.1283

0.1847

Trans.Comp.2

0.2393

0.2337

0.361

0.292

Trans.Comp.3

0.172

0.1303

0.1727

0.2087

Trans.Comp.4

0.194

0.1923

0.1887

0.2743

Table 4. Appropriate Mode for each transportation company
Transportation

Minimum

companies

tance

Mode

Trans.Comp.1

0.1283

Waterways

Trans.Comp.2

0.2337

Railways

Trans.Comp.3

0.1303

Railways

Trans.Comp.4

0.1887

Waterways

B.

Dis-

Appropriate

Solution with method based on weighted
correlation coefficients

The attribute weights are taken as w1=0.38, w2=0.17,
w3=0.21, w4=0.24, w5=0.00
Step 1: The weighted correlation coefficient between an alternative Ai and the ideal alternative A* represented by the
IVNS

Is given by Equation (4).
Then taking weight attributes as w1=0.38, w2=0.17,
w3=0.21, w4=0.24, w5=0.00, the weighted correlation coefficient can be calculated for the data mentioned in Table 1
by applying Equation (4).

Wi (A* , Ai )

(i

W2 (A* , A2 )  0.4811

;

By applying Equation (4), we can compute
= 1, 2, 3, 4) as

W1 (A* , A1 )  0.6737

;

*
W3 (A* , A3 )  0.8942 ; W4 (A , A4 )  0.7076

Step 2: From the weighted correlation coefficients between
the alternatives and the ideal alternative, the ranking order
is

A3  A4  A1  A2
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which is given in Table 5.

interval-valued neutrosophic PIS A * and the ranking or-

Table 5 Ranking based on Weighted Correlation Coefficient
Alternatives
Value
of Rank

Wi (A* , Ai )
Trans.Comp.1

0.6737

3

Trans.Comp.2

0.4811

4

Trans.Comp.3

0.8942

1

Trans.Comp.4

0.7076

2

der is

A4  A3  A1  A2 .

Therefore, we can see that the alternative TC4 is the
best choice and then the most desirable alternative is
Transportation company TC4 as by TOPSIS in Kour et
al. [4].
Table 6 Weighted collective interval valued neutrosophic fuzzy
decision matrix
Alternative Criteria

Therefore, we can see that the alternative TC3 is the best
choice, which is the same result as Kulak & Kahraman
[29] and by method of weighted correlation coefficient in
Kour et al.[4].

Transpor- Transpor- Defective

Tardi-

tation

tation

ness

tation

Compa-

Cost

Rate

Ability

Rate

Flexibilty

Documen-

nies
Trans.Co ([0.37,0.46 ([0.24,0.28] ([0.07,0. ([0.2,0.32], ([0,0],

C.

Solution with TOPSIS method with the
given information about attribute weights

mp.1

R *  (r~ij* ) mn is calculated (Table

6) applying Equation (5).
Step 2: The score matrix

[0.33,0.39] [1,1]

,

,

]

,

[1,1])

, [0.68,0.75]

[0.54,0.71] [0.81,0.89]) [0.62,0.7 )
1])

)

Trans.Co ([0.46,0.51 ([0.0017,0. ([0.29,0. ([0.002,0.0 ([0,0],
mp.2

],

005],

41],

05],

[1,1]

,

[0.17,0.26] [0.963,0.98 [0.38,0.5 [0.8,0.88], [1,1])

S  (sij ) mxn

Step 3: Using Equations. (7), (8) and score matrix obtained
above , the interval-valued neutrosophic PIS
terval-valued neutrosophic NIS
ble 8.

,

of the collective

interval-valued neutrosophic decision matrix R is calculated using Equation (1 ) from Definition2.7 as in Table 7.

)

S

and S


i

mp.3

*

native Ai (i = 1, 2, 3, 4) are calculated from interval-

[0.68,0.75]

8])

8])

],

,

47],

],

[1,1]

,

[0.76,0.86]) 4]

,,

[0.63,0.77]

[0.78,0.8 [0.75,0.85]

)

3])

)

Trans.Co ([0.46,0.58 ([0.04,0.08] ([0.05,0. ([0.15,0.2], ([0,0],
mp.4

],

,

07],

[0.58,0.68] [1,1]

[0.17,0.23] [0.92,0.94] [0.78,0.9 ,

A* and interval-valued neutro-

,



sophic NIS A , respectively, based on the Hamming distance using Equations. (9) - (10) (Table 9).

,

],

[1,1])

[0.68,0.75]

[0.54,0.77] [0.81,0.86]) [0.78,0.8 )
)

3])



Step 5: The relative closeness C i of each alternative Ai (i
*

= 1, 2, 3, 4) to the interval-valued neutrosophic PIS A is
calculated with the different separation measures, based on
the Hamming distance, using Eq. (11) (Table 10).
Step6. Rank the preference order of alternatives Ai (i = 1,
2, 3, 4) (Table 6), according to the relative closeness to the

,

[0.23,0.32] [0.68,0.81], [0.38,0.4 [0.33,0.43] [1,1])

A and in-

of each alter-

1],

Trans.Co ([0.51,0.57 ([0.08,0.14] ([0.38,0. ([0.42,0.45 ([0,0],

A is determined as in Ta
i

2],

[0.54,0.63] [0.815,0.88 [0.71,0.7 )



Step 4: The separation measures

valued neutrosophic PIS

10],

[0.17,0.22] [0.51,0.55] [0.7,0.83 ,

The attribute weights are taken as w1=0.38, w2=0.17,
w3=0.21, w4=0.24, w5=0.00
Step 1: The weighted collective interval-valued neutrosophic decision matrix

,

],

Table 7 Score matrix of the Weighted collective interval valued neutrosophic fuzzy decision matrix
Alternative

Criteria

Transporta- Minimize
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Maximize

,

Neutrosophic Sets and Systems, 18/2017

76

Flexi-

Documenta-

bilty

tion

tion

Transporta- Defec- Tardi-

companies

tion

tive

ness

Cost

Rate

Rate

-0.08

-0.2333 0.1233 -0.6667

Trans.Comp. 0.3967

Ability

1
Trans.Comp. 0.45667

-0.5473 0.1067

-0.3677 -0.6667

-0.2967 0.14

0.17

Alternatives

Value of

C i

Rank

Trans.Comp.1

0.53234

3

Trans.Comp.2

0.30888

4

Trans.Comp.3

0.57917

2

Trans.Comp.4

0.68946

1

2
Trans.Comp. 0.3767

-0.6667

3
Trans.Comp. 0.4433

-0.39

-0.47

-0.1133 -0.6667

4

Table 8 Interval valued PIS and NIS
Minimize

Maximize

Transporta- Defective

Tardiness Flexibilty

Docu-

tion

Rate

menta-

Rate

Cost

tion
Ability

PI ([0.51,0.57], [0.0017,0.005], [0.05,0.07], ([0.42,0.45], ([0,0],
S [0.23,0.32], [0.963,0.982],[ [0.78,0.9], [0.33,0.43], [1,1],
[0.63,77])

0.815,0.888])

[0.78,0.83]) [0.75,0.85]) [1,1])

NI ([0.46,0.51], ([0.24,0.28],

([0.38,0.47] ([0.002,0.00 ([0,0],

S [0.17,0.26], [0.51,0.55],

,[0.38,0.44] 5],[0.8,0.88], [1,1],

[,0.54,0.63]) [0.81,0.89])

,[0.78,0.83] [0.68,0.75]) [1,1])
)

5. Results and comparison
In this paper, the distance measures on interval valued neutrosophic set using the normalized hamming distance help
to find the best modes of transportation for each transportation company as in Table 4. The paper helps to find the appropriate transportation company. It follows with two
methods. The first method which is based on weighted correlation coefficient gives the best transportation company
as TC3. The result is same as in the Kour et al. [4] for the
method to find the best transportation company based on
weighted correlation coefficient under interval valued intuitionistic fuzzy environment. The second method which is
the extended TOPSIS gives the best transportation company as TC4. The result is same as in the Kour et al. [4] for
the extended TOPSIS method to find the best transportation company under interval valued intuitionistic fuzzy environment. In addition, this paper also helps to find the
best mode of transportation for the selected transportation
companies. In the first result, the selected transportation
company TC3 opt for Railways whereas in the second result, the selected transportation company TC4 chooses Waterways as their mode of transportation. The present paper
also deals with degree of indeterminacy along with the degree of acceptance and rejection of the different attributes
as in Kour et al. [4]. The results can be compared with the
help of the below mentioned tables (Table 11, Table 12,
Table 13 and Table 14).

Table9 Separation measures based on Hamming distance

Alternatives

S i

S i

Trans.Comp.1

0.4997

0.5688

Trans.Comp.2

0.6505

0.29073

Trans.Comp.3

0.39033

0.5372

Table11 Solution as in [4] under interval valued intuitionistic

Trans.Comp.4

0.287

0.6372

fuzzy environment

Alternatives

Table 10 Relative closeness

C


i based on Hamming Distance

Rank

with

Rank with Ex-

Weighted Corre-

tended

lation Coefficient

SIS(known

TOP-

Method(unknown

weights)
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weights)

weights)

Trans.Comp.1

3

3

Best

Trans.Comp.2

4

4

Transportation

Trans.Comp.3

1

2

Company

Trans.Comp.4

2

1

Best

Trans Comp 3

Trans Comp 4

Railways

Waterways

Transportation
Mode

6. Conclusion
Table12 Appropriate Transportation Company in [4] under interval valued intuitionistic fuzzy environment

Weighted

Correlation

Coefficient

Meth-

ExtendedTOPSIS(known
weights)

od(unknown weights)
Trans Comp 3

Trans Comp 4

Table13 Solution as in the present paper under interval valued neutrosophic environment

Alternatives

Rank

with

Rank with Ex-

Weighted Cor-

tended

relation Coef-

SIS(known

ficient

weights)

Meth-

TOP-

od(known
weights)
Trans.Comp.1

3

3

Trans.Comp.2

4

4

Trans.Comp.3

1

2

Trans.Comp.4

2

1

Table14 Appropriate Transportation Company and their mode
in the present paper under interval valued neutrosophic environment

Methods

Weighted Corre-

Extended

lation Coefficient

(known weights)

Method
(unknown

TOPSIS



A new type of transportation company
selection problem is constructed in which the
mode of transportation is also selected along with
the best transportation company which gives a
greater scope of its application in real life circumstances to achieve better requirements of the
transportation companies.

The method for the application of normalized hamming distance on interval valued
neutrosophic set helps the users to relate the given
two different relational tables consisting of transportation companies, their criteria and their mode
of transportation and thus to find the appropriate
mode of each transportation companies for the
first time.

The weighted correlation coefficient
method helps the users to solve the multi-criteria
decision making problems with given weight information which has been done for the first time
in Interval valued neutrosophic environment

The extended TOPSIS method provides
us an effective and practical way to solve the
same type of problems, where the data is characterized by IVNSs and the information about
weights is completely known. A score function
has been defined for interval valued neutrosophic
sets for the first time and is used to find the interval valued neutrosophic PIS and NIS.

The interval valued neutrosophic set data
can be seen as real life uncertainties and so represents more practical solutions of the problem
where the degree of acceptance, indeterminacy
and rejection of the different attributes are taken
into account.
References
[1] A. Elhassouny, F. Smarandache. Neutrosophic-simplifiedTOPSIS multi-criteria decision-making using combined
simplified-TOPSIS method and nutrosophics, Proceedings of the
IEEE World Congress on Computational Intelligence, 2016 IEEE
International Conference on Fuzzy Systems (FUZZ), Vancouver,
Canada, 2468-2474, July 2016 24-29.

Dalbinder Kour, Kajla Basu, Selection of Transportation Companies and Their Mode of Transportation
for Interval Valued Data

Neutrosophic Sets and Systems, 18/2017

[2] C. L. Hwang, and K.Yoon. Fuzzy multiple attribute decision
making: theory and applications. Springer, Berlin, 1992.
[3] D.G. Park,Y.C. Kwun, J. H. Park, and I.Y. Park. Correlation
coefficient of interval-valued intuitionistic fuzzy sets and its
application to multiple attribute group decision making problems.
Mathematical and Computer Modelling, 50 (2009), 1279-1293.
[4] D. Kour , S. Mukherjee, and K. Basu. Multi-attribute decision
making problem for transportation companies using entropy
weights-based correlation coefficients and topsis method under
interval-valued intuitionistic fuzzy environment. International
Journal of Computational and Applied Mathematics, 9 (2) (2014),
127-138.
[5] D. S. Xu, C. Wei, and G. W. Wei. TODIM method for singlevalued neutrosophic multiple attribute decision making. Information, 8 (4) (2017), 125. doi:10.3390/info8040125.
[6] E. Szmidt, and J. Kacprzyk. Intuitionistic fuzzy sets in some
medical applications. Notes on Intuitionistic Fuzzy Sets 7 (4), 5864.
[7] F. Smarandache. A unifying field of logics. Neutrosophy:
neutrosophic probability, set and logic, American Research Press,
Rehoboth, (1998), P.7-8.
[8] F. Smarandache, A unifying field in logics. Neutrosophy:
Neutrosophic probability, set and logic. Rehoboth: American
Research Press. (1999).
[9] F. Smarandache. A generalization of the intuitionistic fuzzy
set. International Journal of Pure and Applied Mathematics, 24
(2005), 287-297.
[10] G. R. Jahanshaloo, F. H. Lotfi, and M. Izadikhah. An
algorithmic method to extend TOPSIS method for decisionmaking problems with interval data. Applied Mathematics and
Computation, 175 (2006), 1375-1384.
[11] G. R. Jahanshaloo, F. H. Lotfi, and M. Izadikhah. Extension
of the TOPSIS method for decision-making problems with fuzzy
data. Applied Mathematics and Computation, 181 (2006), 15441551.
[12] G. W. Wei, and X. R. Wang. Some geometric aggregation
operators on interval-valued intuitionistic fuzzy sets and their
application to group decision making, Procedings, 2007 ICCIS
(2007), 495-499.
[13] H. Bustince, and P. Burillo. Correlation of interval-valued
intuitionistic fuzzy sets. Fuzzy Sets and Systems, 74 (1995), 327244.
[14] H. Wang, F. Smarandache, Y. Q. Zhang, and R.
Sunderraman. Interval neutrosophic sets and logic theory and
application in computing. Hexis, 2005.
[15] H. Wang, F. Smarandache, Y. Q. Zhang, and R.
Sunderraman. Single valued neutrosophic sets. Multispace and
Multistructure, 4 (2010), 410–413.
[16] I. Turksen. Interval valued fuzzy sets based on normal
forms. Fuzzy Sets and Systems, 20 (1986), 191–210.

78

[17] J. H. Park,Y. Park, Y. C. Kwun, and X. Tan. Extension of
the TOPSIS method for decision making problems under intervalvalued intuitionistic fuzzy environment. Applied Mathematical
Modelling, 35 (2011), 2544-2556
[18] J.Ye. Fuzzy decision-making method based on the weighted
correlation coefficient under intuitionistic fuzzy environment.
European Journal of Operational Research, 205 (2010), 202–204.
[19] J. Ye. Multicriteria fuzzy decision-making method using
entropy weights-based correlation coefficients of interval-valued
intuitionistic fuzzy sets. Applied Mathematical Modelling, 34
(2010), 3864-3870.
[20] J. Ye. Cosine similarity measures for intuitionistic fuzzy
sets and their applications. Mathematical and Computer
Modelling, 53 (2011), 91–97.
[21] J. Ye. Multicriteria decision-making method using the
correlation coefficient under single-valued neutrosophic
environment. International Journal of General Systems, 42 (4)
(2013), 386–394.
[22] J. Ye. An extended TOPSIS method for multiple attribute
group decision making based on single valued neutrosophic
linguistic numbers. Journal of Intelligent & Fuzzy Systems, 28
(2015) 247–255.
[23] K. Atanassov. Intuitionistic fuzzy sets. Fuzzy Sets and
Systems, 20 (1986),87–96.
[24] K. Atanassov, and G. Gargov. Interval valued intuitionistic
fuzzy sets. Fuzzy Sets and Systems, 31 (1989), 343–349.
[25] K. Atanassov. Operators over interval-valued intuitionistic
fuzzy sets. Fuzzy Sets and Systems, 64 (1994), 159-174.
[26] K. Mondal, S. Pramanik. Neutrosophic tangent similarity
measure and its application to multiple attribute decision making.
Neutrosophic Sets and Systems, 9 (2015), 80-87.
[27] L. A. Zadeh, Fuzzy sets. Information and Control, 8 (1965),
338–353.
[28] M. A. Abo, Sinha, and A. H. Amer. Extensions of TOPSIS
for multi-objective large-scale nonlinear programming problems.
Applied Mathematics and Computation, 162 (2005), 243-256
[29] O. Kulak, and C. Kahraman. Fuzzy multi-attribute selection
among transportation companies using axiomatic design and
analytic hierarchy process. Information Sciences 170 (2005) 191210
[30] P. Biswas, S. Pramanik, and B. C. Giri. Entropy based grey
relational analysis method for multi-attribute decision making
under single valued neutrosophic assessments. Neutrosophic Sets
and Systems, 2 (2014), 102-110.
[31] P. Biswas, S. Pramanik, and B. C. Giri. A new methodology
for neutrosophic multi-attribute decision-making with unknown
weight information. Neutrosophic Sets and Systems, 3 (2014),
44-54.
[32] P. Biswas, S. Pramanik, and B. C. Giri, TOPSIS method for
multi-attribute group decision making under single-valued

Dalbinder Kour, Kajla Basu, Selection of Transportation Companies and Their Mode of Transportation
for Interval Valued Data

79

neutrosophic environment. Neural computing and Applications,
27 (3) (2016) 727-737. doi: 10.1007/s00521-015-1891-2.
[33] P.Chi, and P. Liu. An extended TOPSIS method for the
multiple attribute decision making problems based on interval
neutrosophic set. Neutrosophic Sets and Systems, 1 (2013), 6370.
[34] P. P. Dey, S. Pramanik, and B. C. Giri. TOPSIS approach to
linear fractional bi-level MODM problem based on fuzzy goal
programming. Journal of Industrial and Engineering
International, 10 (4), 173-184. doi: 10.1007/s40092-014-0073-7.
[35] R. Bausys, E. K. Zavadskas, and A. Kaklauskas. Application
of neutrosophic set to multicriteria decision making by COPRAS.
Economic Computation and Economic Cybernetics Studies and
Research,, 49 (1) (2015), 91-106.
[36] R. Baušys, and E. K. Zavadskas. Multi criteria decision
making approach by VIKOR under interval neutrosophic set
environment. Economic Computation and Economic Cybernetics
Studies and Research, 49 (4), 2015, 33-48.
[37] R. Liang, J. Wang, and H. Zhang. A multi-criteria decision
making method based on single-valued trapezoidal neutrosophic
preference relations with complete weight information. Neural
Computing
and
Applications,
(2017).
https://doi.org/10.1007/s00521-017-2925-8.
[38] R. Sahin. Cross-entropy measure on interval neutrosophic
sets and its applications in multi criteria decision making. Neural
Computing and Applications, 28 (2017), 1177- 1187.
[39] S. K. De, R. Biswas, and A. R. Roy. An application of
intuitionistic fuzzy sets in medical diagnosis. Fuzzy Sets and
Systems, 117 (2)(2001), 209- 213.
[40] S. Opricovic, and G. H. Tzeng. Compromise solution by
MCDM methods: a comparative analysis of VIKOR and
TOPSIS. European Journal of Operational Research, 156 (2004),
445-455.
[41] S. Pramanik, P. Biswas, and B. C. Giri. Hybrid vector
similarity measures and their applications to multi-attribute
decision making under neutrosophic environment. Neural
Computing and Applications, 28 (5) (2017), 1163-1176.
doi:10.1007/s00521015-2125-3.
[42] T. Gerstenkorn, and J. Manko. Correlation of intuitionistic
fuzzy sets. Fuzzy Sets and Systems, 44 (1991), 39–43.
[43] T. Y. Chen, and C. Y. Tsao. The interval-valued fuzzy
TOPSIS method and experimental analysis. Fuzzy Sets and
Systems, 159 (2008), 1410-1428.
[44] Y. B. Luo, J. Ye, and X. Ma. Multicriteria fuzzy decisionmaking method based on weighted correlation coefficients under
interval-valued intuitionistic fuzzy environment. In: IEEE 10th
International Conference on Computer-Aided Industrial Design
and Conceptual Design, Wenzhou, China, 3 (2009), 2057-2060.
[45] Y. Guo, and H. D. Cheng. New neutrosophic approach to
image segmentation. Pattern Recognition, 42 (2009), 587–595.
[46] Y. J. Lai, T. Y. Liu, and C. L. Hwang. TOPSIS for
MODM. European Journal of Operational Research, 76 (3)
(1994), 486-500.

Neutrosophic Sets and Systems, 18/2017

[47] Y. J. Wang, and H. S. Lee. Generalizing TOPSIS for fuzzy
multiple-criteria group decision-making. Computers and
Mathematics with Applications, 53 (2007), 1762-1772.
[48] Z. J. Wang, K. W. Li, and W. Z. Wang. An approach to
multiattribute decision-making with interval-valued intuitionistic
fuzzy assessments and incomplete weights. Information Sciences,
179 (2009), 3026-3040.
[49] Z. S. Xu. Methods for aggregating interval-valued intuitionistic fuzzy information and their application to decision making. Control and Decision, 22 (2007), 215-219.
[50] Z. S. Xu, and C. C. Hung. Multi-attribute decision making
methods for plant layout design problem. Robotics and
Computer-Integrated Manufacturing, 23 (2007), 126-137.
[51] Z. Zhang, and C. Wu. A novel method for single-valued
neutrosophic multi-criteria decision making with incomplete
weight information. Neutrosophic Sets and Systems, 4 (2014),
35-49.

Received: November 30, 2017. Accepted: December 11, 2017.

Dalbinder Kour, Kajla Basu, Selection of Transportation Companies and Their Mode of Transportation
for Interval Valued Data

